Introduction
The magnetosheath (MS) is a region which functions as a natural interface between the solar wind (SW) and the magnetospheric plasma. At the point where the SW encounters the terrestrial magnetosphere (MSP), the supersonic solar wind velocities are rapidly reduced to subsonic values consequently forming a standing fast mode shock wave (BS) upstream of the planet. During this process, the SW kinetic energy is redistributed into other degrees of freedom and a small component of the particles are thermalized and accelerated to very high energies [Sagdeev, 1966; Sagdeev and Galeev, 1969; Papadopoulos, 1985] . The now "shocked" solar wind plasma occupies the magnetosheath and is hotter, denser, slower, and generally prone to a higher level of magnetic field turbulence compared to its upstream counterpart.
The plasma properties in the MS have received deserved attention since the early days of space plasma research in the form of theoretical, simulated, and experimental studies. For example, the early gas dynamic model by Spreiter et al. [1966] put in place the groundwork for understanding the spatial distribution of MS plasma properties. Additional simulated studies such as those based on magnetohydrodynamics (MHDs) [e.g., Lyon, 1994] have followed to further enhance our knowledge in the global behavior of MS plasma properties. Although MHD investigations offer improved flexibility over experimental-based studies, they are unable to resolve structures on the kinetic scale lengths. Alternative simulations such as particle-in-cell and hybrid codes go to some lengths to overcome these problems but are also not without their limitations. As a result of this, experimental studies [see Petrinec et al., 1997; Němeček et al., 2000; Paularena et al., 2001; Longmore et al., 2005; Verigin et al., 2006; Walsh et al., 2012; Lavraud et al., 2013; Dimmock and Nykyri, 2013] are a necessity; however, the intricate processing of such data sets are not trivial.
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cycles. It is still unclear what the specific driving mechanisms of these asymmetries are and whether there are strong dependencies on upstream conditions. On account of the accumulative research devoted to MS plasma properties, the steady state MS profile for parameters such as velocity, magnetic field, and density are relatively well understood and agree well with global MHD models [e.g., Dimmock and Nykyri, 2013] . On the contrary, the same statement does not apply to more transient features such as magnetic field and plasma velocity perturbations which may also play a key role in generating dawn/dusk asymmetries and the driving of various processes in the MS. In addition, such perturbations can directly affect properties such as electron and ion temperatures which are more sensitive to the kinetic rather than MHD physics.
The background MS magnetic field originates from the "frozen in" magnetic field in the SW plasma. This is transmitted across the BS and undergoes a compression and rotation needed for the conservation of the component normal to the shock surface. Inside the MS, the magnetic field lines are draped around the MSP which results in a MS magnetic field typically tangential to the MP [Fairfield, 1976] . The magnetic field strength is greatest around the subsolar region and appears to pile up around the stagnation point. The field strength then decreases tailward, and a stronger magnetic field typically remains behind the quasi-perpendicular shock resulting from the higher compression. Although this is generally an accurate description of the steady state magnetic profile and can be shown both experimentally [see Dimmock and Nykyri, 2013] and theoretically, it is only part of the complete picture. The MS is populated by abundant magnetic fluctuations and small-scale perturbations originating from various sources such as electromagnetic waves and instabilities. It still remains unclear what are the source of these fluctuations, how do we classify them, and what impact do they have on the global MS plasma properties. It is also important to investigate three possibilities: (1) are these fluctuations generated locally in the MS, (2) are they induced by magnetopause processes, or (3) are they generated upstream in the SW and then transmitted through the BS. The more likely scenario is that it is, in fact, a combination of the three. [1970] studied the magnetic field fluctuations in the magnetosheath by computing the power spectra (below 0.2 Hz) in a field-aligned coordinate system to distinguish between parallel and perpendicular fluctuations. They observed that compressional fluctuations were larger than the transverse fluctuations for lower frequencies, and the opposite was true at higher frequencies. It is also reported that the dawn MS exhibits a higher level of fluctuations compared to the dusk flank.
Fairfield and Ness
Fairfield [1976] reviewed the early literature on magnetic fields in the MS. For time-varying fields the author summarized that indeed there are multiple sources of waves contributing to the magnetic fluctuations typically observed in the MS. These waves originated from upstream waves convected across the BS, waves generated at the MP and BS, and waves generated locally in the MS by processes such as instabilities. It was also discussed that fluctuations tend to be gathered below the proton gyrofrequency. Luhmann et al. [1986] investigated the spatial distribution of magnetic field fluctuations in the dayside MS. Their results showed convincing evidence that the quasi-parallel BS (Θ bn < 45
• ) is a predominant source of dayside MS magnetic fluctuations. They also proposed that as a direct result of this, the magnetic fluctuations in the dayside MS might be affected by the interplanetary magnetic field (IMF) orientation.
Mirror mode fluctuations have also been reported as a source of magnetic field fluctuations in the magnetosheath [see Soucek et al., 2008; Balikhin et al., 2010; Soucek and Escoubet, 2011 ]. An investigation into mirror mode fluctuations based on four-point Cluster data was performed by Lucek et al. [2001] . The authors analyzed two periods of mirror mode activity and reported that the scale of the mirror structures was least along the direction of the MP normal. Along the maximum variance direction, variations between spacecraft were observed at approximately 750 km.
Zastenker et al. [2002] used Interball-1/MAGION-4 and Interball-1/Geotail/IMP 8 spacecraft pairings to investigate magnetic field variations in the MS. The conclusions from their study was that magnetic field variations which range from seconds up to an hour are markedly larger than those observed simultaneously in the SW.
Shevyrev et al.
[2007] performed a statistical study of low-frequency variations in the SW, foreshock, and MS using Interball-1 and Cluster measurements. They concluded that small-scale fluctuations in the MS were noticeably greater behind the quasi-parallel BS and, in general, the level of fluctuations increases as Θ bn decreases.
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©2014. American Geophysical Union. All Rights Reserved. Gutynska et al. [2008] studied the correlation lengths of MS fluctuations based on Cluster data. Their results suggested that the correlation length of the magnetic field fluctuations in the MS was approximately 1 Earth radii (R E ) and interestingly this only depended weakly on the ambient magnetic field direction. They also concluded that the response of magnetosheath properties were generally well predicted by the Spreiter et al. [1966] model.
Yao et al.
[2011] performed a statistical study of electromagnetic field fluctuations in a finite region close to the MP. The authors calculated the energy spectral density of electromagnetic fluctuations with scales around the ion gyroradii. They reported that the energy spectral density was stronger across the MP and did not depend on the MS B z component. They report that these fluctuations may facilitate additional plasma transport across the MP [Johnson and Cheng, 1997] . Gutynska et al. [2012] studied the relationship between MS magnetic field fluctuations and the foreshock. The authors concluded that fluctuations between frequencies of 10 −4 and 10 −2 Hz were observed in the MS except in close proximity to the MP. They also suggested that the amplitude of these fluctuations increased with decreased proximity to the MP, suggesting the MP as a significant driving mechanism.
Guicking et al. [2012] used Time History of Events and Macroscale Interactions (THEMIS) data to study wave activity in the Earth's MS for frequencies between 30 and 167 mHz. The authors reported that instabilities and other mechanisms driving electromagnetic waves in the MS are more likely to occur within close vicinity to the BS rather than deeper in the MS. They also suggested that the spatial distribution of wave activity in the MS could be related to the flow pattern of plasma around the MSP.
Recently, Nykyri [2013] presented evidence based on local MHD simulations that growth rates of Kelvin Helmholtz Instability (KHI) are significantly greater on the dawn MS flank (compared to dusk) during Parker-spiral (PS) IMF conditions. Such a result could explain the presence of fluctuations close to the MP and could also shed some light on recent reports of dawn-favored temperature asymmetries in the plasma sheet [Wing et al., 2005] .
The current manuscript builds on existing studies of MS magnetic field perturbations by applying our statistical mapping tool [see Dimmock and Nykyri, 2013] to quantify the amplitude and spatial distribution of magnetic field fluctuations in the dayside MS. Statistical maps of perpendicular and parallel magnetic field fluctuations between 0.1 and 2 Hz are presented for different upstream SW conditions to investigate the SW dependence. The manuscript is structured as follows. Section 2 outlines the details of the instrumentation and data sets that were used to complete this study. Section 3 discusses the methodology adopted to extract and quantify the magnetic field fluctuations from the time series data. Section 4 presents statistical maps of the magnetic field fluctuation amplitude for various upstream conditions. Section 5 discusses these results before drawing our conclusions in section 6.
Data Sets
The entirety of our MS statistical data originates from the array of instrumentation on board each of the five THEMIS spacecraft [Angelopoulos, 2008] . The present study utilizes THEMIS magnetic field and plasma measurements which span a time interval from October 2007 to October 2013. In situ magnetic field measurements are provided by the fluxgate magnetometers (FGMs) fitted to each probe [Auster et al., 2008] . The FGM supplies full three-axis magnetic field measurements at a maximum revolution of 64 vector/s and a capacity for detecting perturbations of 0.01 nT. Since the availability of each data set differs, we use 4 Hz FGM resolution since it both provides the adequate sampling time and the coverage required to compile our statistical database. Other plasma properties such as velocity, density, and pressure are calculated on board by the electrostatic analyzer instrument [McFadden et al., 2008] .
In addition to MS measurements, we also require SW observations for prefiltering of statistical data and the evaluation of MP and BS models. These data are acquired from the OMNI database (http://omniweb.gsfc. nasa.gov), which provides upstream plasma properties at the BS nose [King and Papitashvili, 2005] . These observations are recorded at various upstream locations from several sources which are then propagated to the BS nose using the model by Farris and Russell [1994] . We use the highest resolution available which are the monthly 1 min resolution data files corresponding to the interval of available THEMIS data.
Methodology
The methodology adopted for this study will be discussed as two components. First is the transformation of THEMIS locations into the normalized MS system and the subsequent binning of these data. Second are the extraction and quantification of magnetic field fluctuations from the measured 4 Hz FGM time series data.
Transformation to the Model Magnetosheath
We transform each THEMIS data point initially in the GSE frame to the magnetosheath interplanetary medium (MIPM) reference frame. The reason for implementing this conversion is to (1) adjust for planetary aberration, (2) organize data points with respect to the shock geometry, and most crucially (3) to account for motion of the MS boundaries. The first point is addressed by aligning the x axis to the upstream SW flow vector and subtracting the orbital velocity (V e ) from the y component of the SW flow velocity vector.
Please note that since the OMNI data are already corrected for planetary aberration, then removing the orbital velocity in the above equation is not required but mentioned for completeness. The adopted approach of (2) is to compute the y axis as a function of the upstream IMF vector.
The outcome will force the dawn and dusk flanks of the MS to correspond to plasma processed by a quasi-parallel and a quasi-perpendicular bow shock, respectively. This configuration most closely resembles an IMF vector aligned with a Parker-spiral orientation. To complete the three-axes set, the z axis is obtained by evaluating the cross product between ⃗ e x and ⃗ e y :
The above axes are known as the geocentric interplanetary medium reference frame. To finalize the conversion to the MIPM frame, the zenith = arccos((R ⋅ e x )∕|R|) and clock = arctan((R ⋅ e z )∕(R ⋅ e y )) angles are computed. Finally, these coordinates are then normalized between the Shue et al. [1998] MP and Verigin et al. [2001] BS model boundaries to provide a fractional distance across the MS:
In equation (4), r MP and r BS are the geocentric distances to the model MP and BS, respectively. The values of F mipm in the MS range from 0 (MP) to 1 (BS). Everything across this range describes the normalized MS location between the boundaries. The above procedure is used to determine which region of space the THEMIS probes occupy at any given time. The value of F mipm is used to compile a large statistical database of MS measurements which is then binned onto the MIPM x-y plane using a fixed square grid space with individual dimensions of 0.5 × 0.5 R E . The value assigned to each bin corresponds to the mean of plasma parameters whose xy MIPM location falls into each bin. These binned data sets are reproduced for different upstream SW conditions based on a 20 min average of the OMNI data. To ensure accurate determination of the SW conditions, we remove data where the SW cone angle variation exceeds 30
• within each 20 min OMNI data interval. We removed these intervals since they introduce additional noise into the statistical maps due to transient changes in the BS geometry. After systematically studying the impact from the threshold of the cone angle variation, we selected a 30
• limit as it provided the optimal balance between data coverage and statistical noise. To remove outliers resulting from inaccurate determination of the boundaries, we also impose a limitation that the MS flow speed must be slower than that of the SW. Although MS flow velocities exceeding the SW have been previously observed, the occurrence of these should be statistically much less than slower values given our current data set is limited to the dayside MS. detailed description of the binning process, further results, and direct comparisons with MHD simulations. We also refer the reader to Verigin et al. [2001, and references therein] for an additional thorough description of the models used and the MIPM frame.
Determination of Magnetic Field Fluctuations
Magnetic field turbulence in the MS is often associated with electromagnetic waves such as whistler, mirror mode, and kinetic Alfvén waves which are known to occupy the MS. Preferably, the physical process corresponding to the observations would be determined but spatial-temporal ambiguities make such investigations difficult especially on a statistical basis. This issue can be resolved using several techniques typically relying on theoretical models or techniques which are dependent on multispacecraft measurements [see Hoppe et al., 1982; . However, theoretical models can often be very specific which in turn provide limited applicability. Multiple spacecraft measurements on the other hand require the magnitude spacecraft separation vectors similar or less than the wave coherence scale and in very specific configurations. In addition to this, wave modes observed in the MS are dispersive by nature and influenced by Doppler shift. For that reason, large-scale statistical studies requiring the identification of specific wave modes are particularly difficult and can be prone to error due to the sensitivity of inaccurate assumptions such as the wave vector direction. Therefore, the present study focuses exclusively on the measured magnetic fluctuations in the spacecraft frame, and no attempt is made to identify the wave mode responsible.
Magnetic fluctuations are separated into components which are parallel (B ∥ ) and perpendicular (B ⟂ ) to the background magnetic field directionb 0 . The direction ofb 0 is determined from equation (5) below:
In equation (5) above,b 0 is evaluated over the 3 min window of the FGM 4 Hz THEMIS time series data. To extract the magnetic field fluctuations, the background DC field ⃗ B DC is estimated using a moving average filter (MAF) and then subtracted from the measured 4 Hz time series data. The duration of the MAF window (W) corresponds to a time interval of 10 s and is computed as follows:
Following this, ⃗ B DC is removed from the measured magnetic field:
This process provides a "detrended" magnetic field which contain the magnetic fluctuations between 0.1 and 2 Hz parallel and perpendicular tob 0 . Figure 1 shows an example of the process described by equations (6) and (7). Plotted in Figure 1 (top) are the measured magnetic field (black) and the DC trend (red) estimated from equation (6). Figure 1 (bottom) shows the detrended field described by equation (7). This process results in data loss per 3 min window equivalent to the length of the MAF. Therefore, the 3 min window is now reduced to approximately 2 min and 50 s. ⃗ B f is now separated into parallel and perpendicular components where the parallel component is simply the projection of B f alongb 0 :
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We now compute the peak to peak of the magnitude of B ∥ and B ⟂ as shown in equation (10) below:
B pk ∥ and B pk ⟂ are computed using each 2 min 50 s THEMIS window and then subsequently binned in the same manner as the plasma parameters in Dimmock and Nykyri [2013] .
Results
The preceding section presented methodology for the processing of the FGM 4 Hz time series data which are used to produce statistical maps of the magnetic field fluctuation amplitude in the dayside MS. We now present results of statistical data collected during northward IMF, southward IMF, fast SW, and slow SW in addition to the complete statistical database where no upstream filtering was performed. Each of these conditions can be found in the left-hand column of Figure 2 is a histogram of the SW parameters for the statistical data set absent of any upstream filtering. The IMF appears to be predominantly Parker-spiral as seen from the multiple "bumps" in the distributions of B x and B y suggesting inward and outward PS. The average magnitude of the SW velocity is around 400 km/s as indicated from the peak of the distribution of |V sw |. The overall spread of SW velocities range from around 250 km/s up to 800 km/s which are common values of SW flow speeds. Note that the SW parameter distribution differs to those presented in Dimmock and Nykyri [2013] due to the difference in coverage of the 4 Hz FGM data, restriction of SW cone angle and the limitation to the dayside MS. The remaining distributions of SW parameters also suggest nothing atypical of expected SW parameters.
Solar Wind Statistics Presented in
The histograms in Figures 3 and 4 illustrate the same plasma parameters as Figure 2 except that they are compiled for slow and fast SW, respectively. We refer you to Table 1 for details of how this is defined. Since the IMF is not taken into account in these databases, the Parker-spiral orientation remains evident from the similar bumps in B x and B y , though less apparent in Figure 4 . There is a visible discrepancy between Figures 3  and 4 , which are the changes in the distribution of ion temperature and ion number density. For the slow SW data set shown in Figure 3 , the SW ion temperature is typically around 0.5 × 10 5 K and reaches maximum values of approximately 1.5 × 10 5 K. Direct comparison with the faster SW statistics suggests hotter plasma with a mean around 1.0 × 10 5 K extending to hotter temperatures around 4.0 × 10 5 K. There is a similar but inverse relationship when comparing ion number density. For the slow SW, typical values are centered around 7.5 per cm 3 , whereas for faster SW speeds this is significantly less at approximately 2.5 per cm 3 . In summary, faster SW flow is hotter but less dense compared to that of the slower SW. This is a characteristic of the fast and slow SW streams [Bame et al., 1977; Ebert et al., 2009] and could play a key role in dictating the properties of the MS. 
Statistical Maps for All Upstream Conditions
Presented in Figure 7 are the statistical maps of B pk ∥ (Figure 7a) and B pk ⟂ (Figure 7b ) for the complete statistical data set corresponding to the SW statistics shown in Figure 2 . The data coverage for this map is plotted in Figure A2a located in Appendix A. It is worth mentioning that during each map there is poor coverage at local noon particular close to the BS. Data placed at local noon in the MIPM frame require very strong radial IMF when the spacecraft is at that location. The mentioned conditions are statistically rare, and therefore, the coverage is reduced in this region. We therefore avoid drawing strong conclusions based on regions showing poor bin densities. The typical bin density for the complete database is roughly 75 points per bin up to 3 h from noon and 50 thereafter. Please note that each point per bin corresponds to a 3 m THEMIS interval. There are regions of poor coverage particularly close to the dusk terminator, and thus, we will avoid making conclusions based on data collected at these locations. Direct comparison of panels a and b reveals that although the spatial distributions are quite similar, the values of B in both panels is that on the dusk flank, the fluctuation amplitude is calculated to be reduced by roughly 20-25% suggesting a dawn-favored asymmetry. We produced maps of the standard error of the mean (SEM = ∕ √ n, where n is the bin number density and represents standard deviation) (see Figure A3 in Appendix A) for each bin which suggested limits of the mean to be typically 1 nT ranging to 1.5 nT in some isolated regions. The reported asymmetry is typically around 4-5 nT which is below the SEM. In both panels the spatial distribution of these enhanced regions are remarkably similar. At 0-2 h (close to the MP) from noon this region appears to be separated from the MP nose at a distance of 1-2 R E . On the other hand, at roughly 3 h from noon this enhanced region extends to the MP. A logical observation is that the spatial distribution of this enhanced region is inversely correlated with that of magnetic field strength since it appears to correspond to the magnetic pileup region. The physical meaning of this will be discussed at greater detail in the following section. Figure 8 shows the statistical maps of the same quantities presented in Figure 7 binned separately for fast and slow solar wind velocities. Panels a and b represent the slow (< 400 km/s) SW (see Figure 3) , whereas DIMMOCK ET AL.
Statistical Maps Based on Solar Wind Velocity
©2014. American Geophysical Union. All Rights Reserved. panels c and d correspond to the faster (> 400 km/s) SW data set (see Figure 4) . According to Figure A2 the typical bin density for slow SW is estimated as 35 points per bin 0-3 h from noon and approximately 20 further toward the terminator. For the faster SW, the bin density is similar although coverage appears to be slightly reduced. Nevertheless, the dayside MS 0-4 h from noon offers ample coverage with typically an excess of 50 points per bin. Although comparing Figures 7 and 8 imply little difference in terms of the spatial distribution of the fluctuations, there is a notable discrepancy in the magnitude. During faster SW conditions the MS is populated with much higher-amplitude fluctuations than during slower SW velocities and typical conditions (see Figure 7) . The dawn/dusk asymmetry remains for both statistical maps and does not appear to vary with respect to Figure 7. Figure 9 presents the statistical maps of B pk ∥ and B pk ⟂ for data collected during northward (Figures 9a and  9b ) and southward IMF (Figures 9c and 9d) . Since the SW is statistically aligned with a Parker-spiral orientation then there are less data available during northward and southward IMFs. To compensate, we have removed the 30
Statistical Maps Based on Northward and Southward IMF Orientations
• limitation on the SW clock angle since we have reproduced the statistical data with this condition enforced and it had little to no impact on our results except reducing the data coverage. The average bin densities for northward and southward IMFs are estimated to be approximately 35 points per bin. The available coverage is limited beyond 4 h from noon; therefore, we will refrain from basing our interpretations from data binned outside of this region. There is an obvious difference between Figures 9b and 9d suggesting that the magnitude of B pk ⟂ is larger during periods of southward IMF than northward IMF. The amplitude of B pk ⟂ close to the MP have also increased over those measured during typical SW conditions. Interestingly, this does not seem to have the same impact on B pk ∥ in which there is very little change in the magnitude of the fluctuations. Similar to the results presented in Figure 8 the distance between the region of enhanced fluctuations and the MP around noon also varies which is anticorrelated to the spatial distribution of the magnetic field strength during these conditions (see Appendix A, Figure A1 ). Interestingly, during southward IMF, the dawn/dusk asymmetry appears to be reduced (shown in Figures 7 and 8) to a point where it is much weaker. We estimate this asymmetry to be around 5-10% corresponding to a numerical difference of around 2 nT. This is interesting since the previous statistical maps have been compiled for a statistical Parker-spiral IMF and the asymmetry was notably larger. Comparison of Figures 7 and 9 gives a strong indication that during periods of southward IMF, the amplitudes of the perpendicular fluctuations in the vicinity of the MP (i.e., 0 ≤ F mipm ≤ 0.33) are increased.
Discussion
In the current paper we have studied the spatial distribution of magnetic field fluctuations between 0.1 and 2 Hz in the dayside MS as a function of upstream SW conditions. Magnetic field perturbations were extracted from the FGM time series data and separated into components parallel and perpendicular to the background field direction (see equations (5) to (9)). Our previously developed statistical mapping tool [see Dimmock and Nykyri, 2013] was then used to create statistical maps of the peak to peak magnitude of the fluctuation amplitude (B pk ∥ and B pk ⟂ ) during periods of fast SW, slow SW, northward IMF, and southward IMF. We then visually compared these statistical maps with the same map produced for the complete data set representing "typical" conditions.
The first of our statistical data presented in Figure 7 were binned for all upstream SW conditions and reveal a noticeable dawn-favored asymmetry for the amplitude of magnetic field fluctuations in the dayside MS. With the exception of the IMF orientation, the distribution of SW parameters shown in Figure 2 suggests no individual parameter bias that could be responsible. The data coverage map shown in Figure A2 also suggests that there is adequate data coverage at these locations. We also compiled the statistical map for variance (shown in Figure 10 ) and arrive at the same result. Since the IMF orientation in these statistical data closely resemble a Parker-spiral orientation, our results agree with numerous studies [e.g., Fairfield and Ness, 1970; Luhmann et al., 1986; Zastenker et al., 2002; Němeček et al., 2002; Shevyrev and Zastenker, 2005; Shevyrev et al., 2006 Shevyrev et al., , 2007 reporting stronger magnetic field turbulence behind the quasi-parallel BS. Nevertheless, this is no surprise since it is well documented that downstream of quasi-parallel shocks, the plasma is more turbulent, or "perturbed, " than their quasi-perpendicular counterparts [Fairfield, 1976] . It should also be mentioned that the foreshock plays a fundamental role in which backstreaming/reflected particles interact with the SW flow driving various upstream electromagnetic wave activity and instabilities [Russell and Hoppe, 1983] . Consequently, these electromagnetic waves and nonlinear magnetic structures are directed back toward the BS providing a source of MS turbulence [Hoppe et al., 1981] .
Data were also binned for fast and slow SW speeds and were presented in Figure 8 . In these data, the dawn-favored asymmetry is still present but displayed a visible impact on the amplitude of the fluctuations. The asymmetry remained under different SW speeds suggesting that the SW speed does not primarily drive the asymmetry. This is also reasonable considering that the IMF orientation remains PS for the complete database, slow SW, and fast SW data sets. This is also supported by the lack of any strong asymmetry shown during northward and southward IMFs where the shock geometry is more symmetric. The amplitude on both dawn and dusk flanks are visibly enhanced during faster SW flow compared to intervals of slower speeds. This could be a result of the electromagnetic wave activity (such as mirror mode, ion cyclotron, and whistler waves) commonly observed in the vicinity of collisionless shocks [e.g., Lacombe et al., 1995; Schwartz et al., 1996; Czaykowska et al., 2001; Wilson et al., 2013] which are enhanced during intervals of higher SW velocities. During these periods, additional dissipation mechanisms [Kennel et al., 1985; Gosling et al., 1989; Scholer and Terasawa, 1990] are required which manifest as magnetic field turbulence/perturbations in the time series data. As a result of this, we attribute the increase in the amplitude of fluctuations in Figure 8 to the increased level of turbulence generated at (and immediately downstream of ) the shock front. Regarding the dawn/dusk asymmetry; since the IMF orientation remains relatively unchanged from Figure 7 (Parker-spiral), the larger-amplitude fluctuations on the dawn flank should still be present. Figure 9 shows the statistical maps for data collected when the IMF was strongly northward and southward based on the conditions outlined in Table 1 . We refer to strong northward and southward IMFs since we require the B z component to be greater and less than 0.5|B| and −0.5|B|, respectively. During southward IMF (Figure 9d ), the amplitude of B pk ⟂ is larger than those binned during all SW conditions shown in Figure 7b . The additional turbulence during a southward IMF could be explained by the existence of processes which favor a southward IMF orientation such as flux transfer events (FTEs) [Russell and Elphic, 1979] and subsolar reconnection [Dungey, 1961] . In addition, KHI can also operate during southward IMF [Hwang et al., 2011] , adding to the level of turbulence at the MP. For southward IMF, subsolar reconnection produces FTEs propagating tailward along the flank boundaries that typically cause bipolar variations DIMMOCK ET AL.
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of the normal component of the magnetopause magnetic field [Sibeck, 1992] . The magnetic field lines surrounding the perturbed (either due to KHI or FTEs) magnetopause would also be perturbed, which will manifest as a turbulent signature in MS data set. The mutual interaction between the KHI and FTEs would likely produce a more turbulent magnetopause than when either mechanism would operate by themselves which could explain why the perpendicular turbulence is more enhanced for southward IMF at the MP (resulting from FTEs and the interaction of the FTEs and KHI). In addition, the increase in magnetic fluctuations for southward IMF (in the MS around the MP) is unlikely due to the error in the MP location and subsequent inclusion of magnetospheric data since this would most likely manifest as a reduction in magnetic field fluctuations. The decrease in the dawn/dusk asymmetry during northward and southward IMF intervals is likely to coincide with the approximate symmetry of the bow shock geometry on both flanks during these intervals. Although the estimated asymmetry is close to the SEM, our conclusion is not the magnitude of the asymmetry itself but the significant reduction compared to the other data sets during a PS IMF. Therefore, the effects discussed earlier in this section relating to the dawn-favored asymmetry (Figure 7) are not as effective when the IMF is strongly northward/southward. Close to the MP nose 0-2 h from noon (around the MP) there is a region of reduced amplitude perturbations which appears more prominent when the SW is strongly northward. These regions appear to inversely correspond to the magnetic pileup region which also increases in size during northward IMF conditions (see Figure A1 ). The enhanced magnetic field strength at the pileup region creates additional magnetic tension acting to restore the field, effectively impeding the development of perturbations. As already mentioned, the subsolar region possesses relatively low bin densities which should be noted. However, this feature also appears in areas further tailward which show higher densities and therefore is unlikely a manifestation of poor data coverage. Although interesting, the comprehensive investigation of this feature is beyond the scope of the current study and warrants a further, more rigorous study at a later date.
Conclusions
We have performed a statistical study of the amplitude of magnetic field fluctuations in the dayside magnetosheath using 6 years of THEMIS data. We have produced statistical maps for different solar wind conditions to study their relationship to upstream parameters. The main conclusions from our results are the following:
1. The amplitude of magnetic field fluctuations in the dayside magnetosheath are typically larger on the quasi-parallel (dawn) flank during a Parker-spiral interplanetary magnetic field (IMF) orientation. 2. The fluctuation amplitude appears to increase for periods of fast solar wind conditions (>400 km/s). 3. During intervals of southward IMF, there appears to be no significant dawn/dusk asymmetry. 4. The level of fluctuations close to the magnetopause increases during southward IMF. 5. The spatial distribution of magnetic perturbation amplitude implies a level of dependence on the profile of magnetic field strength particularly close to the subsolar magnetopause.
We conclude that upstream solar wind conditions have a significant impact on the amplitude of magnetic field perturbations in the magnetosheath particularly IMF orientation and solar wind velocity. Although identifying the exact source of magnetic field perturbations are difficult, we suspect that during typical solar wind conditions, (Parker-spiral) BS processes (and the foreshock) are the significant source of magnetosheath fluctuations; but during southward IMF, the processes at the magnetopause can drive higher-amplitude fluctuations at significant distance from the boundary. Although the present study goes to some lengths to understanding the solar wind driving of magnetosheath fluctuations, an investigation into the dependence of the spatial and temporal scales of the turbulence warrants further study. Figure A1 shows the statistical maps of the normalized (with respect to SW) magnetic field strength during intervals of northward ( Figure A1 , left) and southward ( Figure A1 , right) IMFs. Figure 10 which were computed as follows:
Appendix A: Supplementary Statistical Maps
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The window length N corresponds to 2:50 min. Figure A3 shows the statistical maps of the standard error of the mean, SEM = ∕ √ nb for each bin reproduced for the complete database, slow SW, fast SW, northward IMF, and southward IMF. 
